Vitamin B group {#sec1}
===============

The role of compounds from the group of vitamin B cannot be overestimated in the menopause. Folate and vitamins B~2~, B~6~ and B~12~ in their co-enzymatic forms are all essential in one-carbon metabolism, a network of reactions involving the transfer of one-carbon units. B vitamins in general are cofactors for the enzymes that are involved in the energy-producing metabolic pathways for carbohydrates, fats and proteins. B vitamins play an important role in maintaining the functions of the nervous system \[[@cit0001], [@cit0002]\].

Deficiencies in any of these B vitamins can disturb the complex regulatory network maintaining one-carbon metabolism, resulting in a reduced methylation status within the relevant tissue, hyperhomocysteinaemia, and pathological formation of DNA, which, in turn, may contribute to adverse health outcomes in menopause \[[@cit0003], [@cit0004]\].

Although diet fortification programmes have been introduced in many countries, the most common cause of the deficiency of vitamin B compounds in menopause is still an inadequate intake. Among the reasons for insufficient supplementation are increased requirements during the menopause, malabsorption caused by intestinal malfunctions, an increasing number of diseases demanding the use of medicines interacting with vitamin B metabolism and, regarding addictions, alcohol abuse, all significantly affecting the levels of all the substances from the vitamin B group \[[@cit0002]\].

Cardiovascular diseases and stroke as well as cognitive declines resulting in dementia or Alzheimer's are among the several consequences of the insufficient concentration of vitamins from the B group.

Meta-analyses of earlier observational studies have revealed that lowering homocysteine levels by an acceptable vitamin B intake reduces the risk of stroke by 19-24% \[[@cit0005]\].

Numerous studies have proved the correlation between homocysteine and low B-vitamin concentrations as relevant factors in cognitive weakening \[[@cit0006]\] and dementia \[[@cit0007]\] in menopause and further in older age. And according to Porter *et al*. \[[@cit0004]\], there are clear differences in the results of studies on the relationship between folate as well as B-vitamin levels and the occurrence of cognitive dysfunctions in studied groups of patients depending on the area of study. In the countries where food fortification was not introduced, the evidence of these relationships was much clearer.

Functional dementia consists of many morphological changes in the brain. Reduced brain blood flow, neuronal loss, the presence of Lewy bodies, higher than age-appropriate brain atrophy, thinning of cortical gyri as well as pathophysiological malfunctioning such as the damaged connection between the neurons are some of the changes that might occur.

The results of studies in groups with lower baseline folate status have showed correlations between folate in cognitive dysfunction \[[@cit0008]\] and cognitive decline \[[@cit0009]\]; moreover, numerous studies have associated low vitamin B~12~ concentration with cognitive dysfunction \[[@cit0010]\] and cognitive decline \[[@cit0011]\] in menopause and in older age.

Similarly, decreased vitamin B~6~ level was correlated with cognitive dysfunction and cognitive decline \[[@cit0012]\] with a reduced risk of Alzheimer's disease \[[@cit0013]\].

The role of vitamin B~2~ seems to be less imperative in cognitive malfunction in menopause and the results of the studies are more controversial.

Meta-analyses of observational studies have confirmed the associations of elevated homocysteine with bone mineral density (BMD) \[[@cit0014]\] and fracture risk in menopause \[[@cit0015], [@cit0016]\]. One meta-analysis even concluded that homocysteine was an independent risk factor related to bone fracture \[[@cit0017]\]. On the other hand, lower concentrations of folate \[[@cit0014]\], vitamin B~12~ \[[@cit0018]\], and vitamin B~6~ \[[@cit0019], [@cit0020]\] were associated with low BMD.

Yazdanpanah *et al*. \[[@cit0021]\] showed that low vitamin B~2~ intake in menopausal women was related to a 1.8 times increased risk of osteoporotic facture and a 2.6 times increased risk of fragility fractures.

It seems that in the face of the increasing frequency of diseases of the vascular system, disorders of brain functioning and abnormal bone metabolism, the assessment of folate and B vitamins should be included in proper medical care of a woman in menopause.

Vitamin C {#sec2}
=========

Kim *et al*. \[[@cit0022]\] studied the influence of vitamin C intake in 198 menopausal Korean women. In their cross- sectional study they showed that vitamin C dietary intake was positively associated with selected features of the bone health status of the participants. BMD was measured at the lumbar spine (L1-4), femoral neck and total hip by means of DEXA (dual energy X-ray absorptiometry). The dietary intake of vitamin C was assessed using a semiquantitative food-frequency questionnaire. It was developed by the National Health and Nutritional Survey of the Korean population in 1998 to document the previous year's food consumption habits \[[@cit0023]\]. The *T*-score was derived from a comparison between the measured BMD values and the mean BMD of healthy young females \[[@cit0024]\]. It was revealed that dietary vitamin C intake was positively associated with the femoral neck and the total hip *T*-score, and the *T*-score represented the risk of osteoporotic fracture during the next 10-year period \[[@cit0025]\].

Another group from South Korea studied the influence of vitamin C dietary intake on bone health status in 1,196 menopausal women \[[@cit0026]\]. Differently than in the previous studied population, dietary assessment was evaluated using a 24-h dietary recall and BMD was examined by DEXA. When the studied women were allocated to three subgroups according to their daily vitamin C intake (tertiles), the analysis revealed that their bone mineral density showed a dose effect depending on vitamin C consumption. The authors attempted to find the association between vitamin C and BMD according to vitamin D status. To assess this relationship the studied women were divided into two groups related to their vitamin D status. In the vitamin D-deficient group, with vitamin D concentration lower than 50 nmol/l, BMD was positively correlated with dietary vitamin C intake. The authors did not observe such an effect in the group with higher than 50 nmol/l vitamin D concentration.

Vijayakumar *et al*. \[[@cit0027]\], in their prospective study, supplemented the diet of 56 menopausal women during a 12-week period with vitamin C (dd 50 mg) or vitamin B~12~ (dd 0.5 mg). After the treatment they evaluated cognitive abilities in the studied women by means of the Mini-Mental State Examination (MMSE) \[[@cit0028]\] and measured serum β-amyloid 42, which may be deemed as a biochemical marker of cognitive function. Selective MMSE components such as delayed verbal recall, naming and repetition scores were significantly improved and the β-amyloid 42 concentration decreased significantly in the group supplemented with vitamin C. These alterations were not observed in the vitamin B~12~ supplemented group. The authors concluded that vitamin C supplementation is correlated with a significant improvement in cognitive function among menopausal women when compared with methylcobalamin supplementation.

Menopausal women experience a rapid decline in left ventricular diastolic activity, which may mirror the heart failure occurring in the transitional period more frequently. As elevated markers of reactive oxygen species have been reported in the failing human myocardium \[[@cit0029]\], Ozemek *et al*. \[[@cit0030]\] attempted to determine whether oxidative stress may contribute to the decreased left ventricular diastolic function in oestrogendeficient women compared to premenopausal controls, related in part to reduced NO bioavailability. In their experimental study they compared features of mitral flow and brachial artery flow mediated dilation, a biomarker of NO bioavailability, 20 minutes after the acute infusion of saline in the control group and vitamin C in a concentration of 0.06 γ ascorbic acid/kg fat-free mass in the studied group. They concluded that their study provides evidence that oxidative stress contributes to reduced LV diastolic function in menopausal women, possibly by reducing the availability of NO.

Vitamin D {#sec3}
=========

Very few studies have investigated the association between vitamin D status and quality of life. Polisseni *et al*. \[[@cit0031]\] compared the effects of 1 mg oestradiol + 0.5 mg norethindrone acetate, 2.5 mg tibolone and supplemental calcium and vitamin D (control group) on quality of life in symptomatic menopausal women. They found improved overall quality of life in all groups. The use of vitamin D in the control group affected the quality of life of women because vitamin D prevented osteoporosis, cardiovascular diseases, diabetes, cancer, infections, and neurodegenerative diseases, although the dose used in the study was very low (200 IU/day). In another interesting study, Chao *et al*. \[[@cit0032]\] confirmed the association between vitamin D status and health related-quality of life (HRQOL) among the older population (women and men aged 50 years and over). The authors revealed the importance of vitamin D for the HRQOL. Participants of that study with higher serum vitamin D levels were significantly less likely to report problems with mobility, usual activities, depression and anxiety. The authors suggested that HRQOL scores significantly increased with increasing serum vitamin D levels. They also proved that vitamin D supplementation had a minimal effect on quality of life when used on a short-term basis. Another study suggested similar conclusions to the above-mentioned ones. Lower vitamin D status was related to lower scores of quality of life and self-related health in an older population. It is important to remember that a large part of the association can be statistically explained by physical performance, depressive symptoms or chronic diseases of the participants \[[@cit0033]\]. Manoy *et al*. \[[@cit0034]\] also provided evidence that vitamin D supplementation significantly improves quality of life. They studied 158 menopausal women receiving 40,000 IU vitamin D per week for six months. Quality of life was assessed by means of the Short-Form Health Survey, including the physical health composite score and mental health composite score. The obtained results suggested that 40,000 IU of vitamin D supplemented weekly significantly improved quality of life.

On the other hand, Grimnes *et al*. \[[@cit0035]\] concluded that lack of vitamin D did not have an impact on quality of life in menopause: in 297 investigated women treated for 12 months with high-dose (20,000 IU) vitamin D taken twice a week, no effect was found as compared to the standard dose (800 IU). In another study, 218 overweight, menopausal women were randomly assigned to 12 months of weight loss + 2000 IU oral vitamin D/day or weight loss + daily placebo. The results showed that compared to placebo, the women receiving vitamin D did not experience any significant change in depressive symptoms, HRQOL subscales, or overall sleep quality. Surprisingly, women who became vitamin D replete (≥ 32 ng/ml) showed even deterioration in total sleep quality compared to women who remained \< 32 ng/ml despite supplementation \[[@cit0036]\].

A few studies have investigated the association between vitamin D supplementation and mortality in general. Eaton *et al*. \[[@cit0037]\] revealed a negative association between vitamin D concentration and mortality in the Women's Health Initiative trial, which was modulated by adiposity and other factors. The authors suggested that especially body fat distribution might play an important role in the impact of low vitamin D concentrations on health. Evidence from observational studies indicated an inverse association of circulating vitamin D with the risks of death due to cardiovascular disease, cancer, and other causes. Chowdhury *et al*. \[[@cit0038]\] indicated that supplementation with vitamin D significantly reduced overall mortality among older adults. Data from 42 randomized clinical trials were meta-analyzed by Zheng *et al*. \[[@cit0039]\]. The results of their study suggested that supplementation of vitamin D was effective in preventing overall mortality in a long-term treatment, whereas it was not significantly effective in a treatment with duration shorter than 3 years (compare Chao *et al*. \[[@cit0032]\]). Another meta-analysis, done on prospective cohort studies, found a nonlinear decrease in mortality risk as vitamin D increased, with optimal concentrations ∼75-87.5 nmol/l. The authors suggested, however, that large, prospective, randomized trials were needed to investigate the role of vitamin D supplementation in reducing mortality risk in the general population \[[@cit0040]\].

Vitamin E {#sec4}
=========

Yang *et al*. \[[@cit0041]\] examined 2130 Scottish menopausal women during the Aberdeen Prospective Osteoporosis Study and found a positive association between serum α-tocopherol and BMD at the femoral neck. They did not find, however, any correlation between bone health status and the level of dietary vitamin E supplementation, which was assessed by the accomplished food frequency questionnaires. Thus, they could not prove a biologically meaningful correlation between the dietary intake of tocopherol homologues and bone turnover markers or BMD.

Alpha-tocopherol (α-TP) and gamma-tocopherol (γ-TP), the two predominant isomers of vitamin E, were studied for correlations with bone turnover and artery stiffness markers in 278 menopausal women by Hampson *et al*. \[[@cit0042]\]. The authors found a significant negative association between α-TP and procollagen type 1 amino-terminal propeptide (P1NP). They, however, did not find any significant association between γ-TP or α-TP/γ-TP ratio with P1NP or C-terminal telopeptide of type 1 collagen. Moreover, the study revealed that P1NP was significantly lower in women with α-TP concentrations of more than 30 μmol/l. Pulse wave velocity in the studied menopausal women was also significantly associated with α-TP/γ-TP ratio but not with serum α-TP or γ-TP concentrations. The authors concluded that high serum concentrations of α-TP may have a negative effect on bone formation and the balance of α-TP and γ-TP may be an important factor in maintaining arterial compliance in menopause.

Shen *et al*. \[[@cit0043]\] did not find any beneficial effects, dependent on vitamin E, on quality of life in menopausal women receiving tocotrienol 300 mg/d and 600 mg/d, who were compared with the control group. During 12-week supplementation, the women did not profit in physical activity level, nutrient intake or quality of life assessed by the Godin Leisure-Time Exercise Questionnaire, Harvard Willett Food Frequency Questionnaire and the Medical Outcomes Study 36-item Short Form Health Survey, respectively.

Environmental factors affecting the quality of life at the time of menopause may adversely influence the diet and, in consequence, vitamin supplementation. Factors that may have a potentially dramatic impact include increased morbidity, problems in family life, changes in appetite and eating habits.

The reported studies support the conclusion that a balanced supply of the selected vitamins might contribute to ameliorating the quality of life in menopausal women.
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